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Abs t r ac t  
A procedure has  been developed for  pol ishing the 
t h i n  e l e c t r o p l a t e d  l e a d  c o a t i n g  u s e d  i n  Pb-Cu super- 
conducting resonators which is  much more e f f e c t i v e  
than   those   ava i lab le   p rev ious ly .   Convent iona l   po l i sh-  
ing  procedures  cannot  be  used  because  the i r  rap id  
a c t i o n  is inappropr i a t e  t o  the  th in  (10  p) l e a d  l a y e r .  
A previous procedure,  designed for  very s low act ion,  
rounded sharp edges to  a radius of curvature of approx- 
ima te ly  1 p. The new procedure provides  near ly  com- 
p l e t e  l e v e l i n g  o f  c r y s t a l s  1 0  p i n  s i z e .  R e s u l t s  o f  
tests on a B = 0.10 s p l i t  l o o p  a c c e l e r a t i n g  r e s o n a t o r  
d e s i g n e d  f o r  t h e  SUNYLAC Heavy Ion Booster w i l l  be  
repor ted .   This   resonator  shows cons ide rab le  improve- 
ment i n  per formance  over  the  prev ious ly  tes ted  cavi ty . '  
On t h i s  b a s i s ,  a c c e l e r a t o r  o p e r a t i o n  a t  a n  a v e r a g e  
f i e l d  of 3 MVfm now seems f e a s i b l e .  
In t roduc t ion  
Superconduct ing  sur faces  in  acce lera t ing  resona-  
t o r s  a r e  s u b j e c t  t o  h i g h  a v e r a g e  e l e c t r i c  and magnetic 
f i e l d s  a s s o c i a t e d  w i t h  t h e  a v e r a g e  a c c e l e r a t i n g  f i e l d  
a t ta ined  and  wi th  the  resonator  geometry .  Newly ma- 
ch ined  o r  e l ec t rop la t ed  su r faces  have  numerous sharp 
edges which enhance the average fields and give rise 
t o  e l e c t r i c  f i e l d  e m i s s i o n  and magnetic field break- 
down in   the   superconductor .   Whi le  similar enhance- 
ments occur i n  no rma l  cav i t i e s ,  a l l owab le  d i s s ipa t ion  
a t  the cryogenic  temperatures  needed for  superconduc-  
t i n g  o p e r a t i o n  i s  great ly  reduced from the normal  case,  
and  thus  the  r equ i r emen t s  fo r  su r face  f in i sh  and clean- 
l i n e s s  a r e  i n c r e a s e d .  
Most p rac t i ca l  supe rconduc t ing  acce le ra t ing  cav i -  
ties b u i l t  t o  d a t e  a r e  c o n s t r u c t e d  o f  t h e  two elemen- 
t a l  s u p e r c o n d u c t o r s  w i t h  t h e  h i g h e s t  c r i t i c a l  f i e l d s  
and  temperatures,  lead  and  niobium.  Early  work  with 
l e a d  c a v i t i e s  s u f f e r e d  f r o m  t h e  l a c k  o f  a n  a p p r o p r i a t e  
po l i sh ing  p rocedure ,  wh i l e  p rocedures  app l i ed  to  so l id  
niobium  gave  excel lent   resul ts .   Lead,   being a very 
s o f t  metal, must be supported by some o t h e r  m a t e r i a l ,  
and thus lead-plated copper has been chosen as t h e  
b a s i c  s t r u c t u r a l  m a t e r i a l  f o r  most a p p l i c a t i o n s  t h a t  
u se  l ead .  A d i f f i c u l t y  i n  t h i s  use i s  t h a t  as t h e  
f i l m s  a r e  grown th i cke r ,  t hey  become rougher due to 
t h e i r   g r a n u l a r   s t r u c t u r e .  Thus t h e   b e s t   f i l m s   t e n d   t o  
b e  q u i t e  t h i n  (0.1-10 ).I) and ve ry  weak p o l i s h e s  must 
be  used  for  the  lead  not  to  be  comple te ly  d isso lved .  
A procedure was developed i n  o u r  l a b o r a t o r y  f o r  
pol ishing such thin f i lms '  which has  formed the basis  
f o r  t h e  a c c e l e r a t i n g  c a v i t i e s  we des igned  and  bu i l t  fo r  
SUNYLAC, a heavy- ion  boos ter  acce lera tor  now nea r ing  
completion a t  SUNY-Stony Brook. This  procedure  invol- 
ved a hydrogen peroxide based pol ish that  worked slow- 
l y  enough n o t  t o  d i s s o l v e  t h e  f i l m  f o r  a minute  or  
more. It requi red   v igorous   ag i ta t ion   dur ing   the   po l -  
i sh ing  pe r iod  fo r  bes t  r e su l t s ,  and  would  round t h e  
co rne r s  o f  t he  l ead  c rys t a l s  enough t o  a l l o w  h i g h  
a c c e l e r a t i n g  f i e l d s  (2-2.5 MV/m) t o  b e  a t t a i n e d .  
In  the  fo l lowing  sec t ions  we repor t  on  a modifi- 
ca t ion  o f  t h i s  ea r l i e r  p rocedure  tha t  works  even  more 
s lowly ,  requi res  much less a g i t a t i o n ,  and h a s  g r e a t e r  
po l i sh ing  power ,  a l lowing  subs tan t ia l  l eve l ing  ac t ion  
on t h e  c r y s t a l s .  We a l s o  r e p o r t  test r e s u l t s  of a 
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s p l i t - l o o p   a c c e l e r a t i n g   c a v i t y   w i t h  = 0.10 which was 
po l i shed  wi th  the  new procedure.  
Pol ishing Procedure 
Lead pol i sh ing  procedures  used  to  prepare  sur faces  
for  superconduct ing resonators  are  based on hydrogen 
p e r o x i d e  i n  a n  a c i d i c  s o l u t i o n  w h i c h  a t t a c k s  t h e  l e a d  
and  forms an   ox ide   l aye r .   Th i s   l aye r   i n   t u rn  i s  d i s -  
solved by EDTA, a che la t ing  agen t  fo r  l ead  ions ,  wh ich  
i s  a l s o   c o n t a i n e d   i n   t h e   s o l u t i o n .  The concen t r a t ions  
i n v o l v e d  a r e  r a t h e r  low (95% water)  and pol ishing 
rates are  measured  in  microns  per  minute.   Because  of 
the competing processes  of  oxide formation and disso-  
l u t i o n ,  h a l t i n g  t h e  p r o c e s s  is  r e l a t i v e l y  t r i c k y ;  f o r -  
mulation of a t h i c k  o x i d e  l a y e r  i s  prevented by r i n s i n g  
t h e  p o l i s h  o f f  t h e  s u r f a c e  w i t h  a r e l a t i v e l y  s t r o n g  
c h e l a t i n g  s o l u t i o n .  
S e v e r a l  p r o c e d u r e s  f o r  f i n a l  r i n s i n g  and d ry ing  
have  been  found  to  be  success fu l ,  t he  cen t r a l  f ea tu re  
be ing  to  avoid  pure  water  r inses  because  of r a p i d  
oxide  formation. The one  used in   ou r   l abo ra to ry   i n -  
volves  ammonia and a c e t o n e  r i n s e s ;  s u c c e s s  h a s  a l s o  
been obtained with a second (weaker)  chelate  bath 
fo l lowed d i rec t ly  by a f i n a l  r i n s e  i n  e t h y l  a l c o h o l . 3  
The p o l i s h  s o l u t i o n  u s e d  i n  t h e  new procedure i s  
a l m o s t  i d e n t i c a l  i n  i ts makeup t o  t h a t  p r e v i o u s l y  r e -  
ported.  A dramatic  improvement i n  performance is  ob- 
t a i n e d ,   i n s t e a d ,  by procedural   changes.  The p r i n c i p a l  
change i s  tha t ,  i n s t ead  o f  u s ing  the  so lu t ion  immedi- 
a t e l y  a f t e r  makeup, to  avoid  concent ra t ion  changes  due  
t o  a s l o w  p r e c i p i t a t i o n  p r o c e s s ,  t h e  s o l u t i o n  i s  aged 
a day or  more,  and the precipi ta t ion process  is  allowed 
t o  go to   comple t ion .   Apparen t ly ,   ope ra t ion   a t   t he  
s a t u r a t i o n  c o n c e n t r a t i o n  of t h e  p r e c i p i t a t e ,  whose com- 
p o s i t i o n  i s  unknown, i s  a s s o c i a t e d  w i t h  t h e  improved 
per formance .   Af te r   ag ing ,   the   ac t ion   of   the   po l i sh  
does not appear to change with t ime, nor i s  i t  sens i -  
t i v e  t o  c o n t a m i n a t i o n  by t h e  l e a d  it p o l i s h e s .  
I n  a d d i t i o n  t o  improved l e v e l i n g ,  t h e  a g e d  p o l i s h  
has  cons ide rab ly  s lowed  ac t ion  and  r equ i r e s  l i t t l e  ag i -  
t a t i o n .  We a r e  t h u s  a b l e  t o  immerse o r  f i l l  w i t h  s o l u -  
t i o n  p a r t s  t o  be p l a t e d ,  r a t h e r  t h a n  t h e  v i g o r o u s  dunk- 
ing   ac t ion   p rev ious ly   r equ i r ed .  The B = 0.10 s p l i t -  
l oop  r e sona to r  bod ie s  a re  po l i shed  and r in sed  wi th  h igh  
dens i ty  polye thylene  end p la tes  forming  a t ank  of t h e  
r e s o n a t o r  i t s e l f ,  w h i c h  i s  a l t e r n a t e l y  f i l l e d  and 
emptied  of t h e  v a r i o u s  s o l u t i o n s .  
P l a t i n g  and pol ishing sequence i s  as follows:.  
1 Soak in   che la t ing   coppe r   c l eane r  (15  minutes) 
2 Water r i n s e  
3 Chemical  polish  copper (30 seconds) 
4 Water r i n s e   ( f a s t )  
5 Soak i n  0.5% c i t r i c   a c i d   ( 5   m i n u t e s   o r  more) 
6 Water r i n s e  
7 E l e c t r o p l a t e   t o  8-12 li t h i ckness  (12  hours) 
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8 Water rinse 
9 Chelate rinse (30 seconds) 
10 Ammonia  rinse (15 seconds) 
11 Acetone  rinse (15 seconds) 
Polish  Performance 
Lead  surfaces  as  electroplated  have  a  character- 
istic  "white"  color  when  illuminated  by  a  directed 
light  due to the  fine  crystal  structure  of  the  surface. 
Close  examination  reveals  a  fine  fuzz-like  character 
which  under  microscopic  examination  proves to be  due 
to occasional  spikes  with  heights  of 20-40 u. In  the 
same  way  that  electroplating  tend-s  to  enhance  irregu- 
larities,  deplating  tends to smooth  them;  plate- 
deplate  cycles  are  one  of  the  mainstays  of  the  electro- 
plating  art. 
We  show  in  Figures 1-3 a  progression of as-plated 
lead,  a  deplated  surface,  and  a  further  polish  of  the 
dealated  surface bv auproximatelv  the  same  amount. 
12 Blow dry 
Operations  9-12  are  performed  with  the  resonator  on  a 
spinning  platform  by  hand  poured  solutions. 
13 Mount  plastic  end  plates  to  plated  resonator  for 
polishing  sequence 
14 Fill  with  polish  (3-6  minutes) 
1 5  Drain,  fill  with  chelate (2 minutes) 
16 Drain,  fill  with  Ammonia 
17  Drain,  fill  with  Acetone 
18 Attach  nitrogen  gas  source,  fill  with  gas  as 
acetone  drains,  continue f l o w  for  several  minutes 
more  to  dry. 
After  inspection  steps  13-18  may  be  repeated  as  de- 
sired.  Lead  surface  is  relatively  insensitive  to  expc- 
sure  to  dry  air  for  times  of  days.  Condensing  moisture 
destroys  the  surface  in  seconds,  and  smoggy  air  can 
cause  visible  degradation  in  a  few  hours. 
Chemical  Solutions 
With  the  exception  of  the  chelate  and  ammonia 
baths  used  in  steps 3, 15 and 16, solutions  are  not 
sensitive to the  contaminations  caused  by  ordinary  use. 
Deionized  water  with  volume  resistivity  greater  than 
2MQ-cm  was  used  in  all  cases. 
Steps 1, 3  and 7 involve  room-temperature  commer- 
cially  obtained  solutions  used  according  to  the  manu- 
facturers'  instructions.'  Other  solutions  are  as 
follows. 
Chelate: 
100 cc  saturated  disodium  EDTA  solution 
3100  cc  water 
Ammonia: 
500 cc  reagent  grade  ammonia  (30%) 
3500  cc  water 
Polish : 
100 cc  acid  mixture  (see  below) 
150 cc  saturated  disodium  EDTA  solution 
125 cc 30% stabilized H202 solution 
Dilute to 8 R with  water. 
Acid  mixture: 
100 cc  glacial  acetic  acid 
200 cc  nitric  acid 20% concentration 
300 cc  water 
Acetone: 
Reagent  grade. 
40 X 2p /m Base Line 
' + 30u + ' 
Fig, 1 As-plated  lead  surface  about 15 thick. 
40 X 2 p / m  Plate-Deplate 
' + 3 0 ~  + ' 
Fig. 2 Surface  with  approximately 4 i ~ -  deplated. 
The  plated  surface  is  somewhat  thicker  than we 
have  found  to  be  optimal  (8-12 u) and  thus  rougher. 
A profusion  of  individual  crystals  have  grown  on  the 
su r face   w i th   ea s i ly   de f ined   boundar i e s .   Dep la t ing  
c l ea r ly  smoo ths  co rne r s  o f  t he  c rys t a l s  bu t  l i t t l e  
l eve l ing   ac t ion   has   t aken   p l ace .   Seve ra l   sp ikes  are 
shown which s t i l l  h a v e  s u b s t a n t i a l  h e i g h t  (10 u).  The 
po l i shed  su r face  i s  q u a l i t a t i v e l y  d i f f e r e n t  w i t h  
c r y s t a l  b o u n d a r i e s  b a r e l y  v i s i b l e  on t h e  l e v e l e d  f l o o r  
and sp ikes  r educed  to  the  smooth mounds shown. 
40 X 2v/mm 
Fig. 3 Deplated  surface  fur ther   pol ished  approximately 
5 1-1 by chemical polish.  
The improved performance of the f i r s t  a c c e l e r a t i n g  
r e s o n a t o r  t e s t e d  w i t h  t h e  new p o l i s h  i s  shown i n  F i g u r e  
4 .  On t h e  b a s i s  o f  t h e s e  r e s u l t s ,  we expec t   t ha t  
b o o s t e r  o p e r a t i o n  a t  a v e r a g e  a c c e l e r a t i n g  f i e l d s  g r e a t -  
e r  t h a n  3 MV/m w i l l  b e  p r a c t i c a l .  
Discussion 
A pol ishing procedure has  been developed for  use 
i n  a c c e l e r a t i n g  r e s o n a t o r s  f o r  t h e  SUNYLAC Superconduc- 
t i n g  Heavy Ion Booster6 which makes p o s s i b l e ,  f o r  t h e  
f i r s t  time, the  achievement  of  mir ror - l ike  sur faces  on 
t h e  l e a d  c a v i t y  w a l l s .  The procedure  uses a p o l i s h  
similar i n  t y p e  t o  t h a t  p r e v i o u s l y  u s e d ,  b u t  w h i c h  h a s  
a s u b s t a n t i a l l y  b e t t e r  p o l i s h i n g  a c t i o n ,  and which can 
b e  u s e d  i n  c l o s e d  c o n t a i n e r s ,  r a t h e r  t h a n  w i t h  t h e  
r ap id   r i n s ing   ac t ion   p rev ious ly   r equ i r ed .  It is  sen- 
s i t i v e  t o  r a d i i  o f  c u r v a t u r e  o f  20 u ,  a l lowing a l e v e l -  
i n g  a c t i o n  on t h e  v e r y  small c r y s t a l s  t h a t  make up t h e  
p la ted   l ead   sur face .   This   reduces   peak   sur face  mag- 
n e t i c  and e l e c t r i c  f i e l d s ,  a n d  a l l o w s  c a v i t y  o p e r a t i o n  
a t  h i g h e r  a v e r a g e  f i e l d s .  
The f a c t  t h a t  v i g o r o u s  a g i t a t i o n  i s  no t  r equ i r ed  
w i t h  t h e  new procedure allows more complicated s t ruc-  
t u r e s  t o  b e  e f f e c t i v e l y  p o l i s h e d  t h a n  b e f o r e .  T h i s  
has made it p o s s i b l e  f o r  t h e  l o o p s  i n  t h e  f3 = 0.10 
SUNYLAC r e sona to r s  t o  be  we lded  in to  the  cans  wi th  the  
e l imina t ion  of  a l o s s y  demountable j o i n t  between the 
two pa r t s .  Us ing  the  earlier procedures ,   such a s t r u c -  
t u r e  c o u l d  n o t  e f f e c t i v e l y  b e  p o l i s h e d .  
The per formance  of  th i s  cav i ty  is s u b s t a n t i a l l y  
b e t t e r  t h a n  t h e  2.5 MV/m on which the SUNYLAC acce l -  
e r a t o r  d e s i g n  was based, and i t  now appears  tha t  an  
a v e r a g e  f i e l d  o f  3 MV/m can  be  a t t a ined  us ing  the  ex- 
i s t i n g  r e f r i g e r a t i o n  c a p a b i l i t y .  F i e l d s  a b o v e  4 MV/m 
are rout ine ly  achieved .  
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Fig. 4 Dissipat ion  and Q of   superconduct ing  spl i t - loop 
r e sona to r  as a func t ion  of a c c e l e r a t i n g  f i e l d .  Tem- 
p e r a t u r e  = 4.2 K. Resonator  has  6 = 0.10 and i s  pre- 
s e n t l y  i n s t a l l e d  at  SUNYLAC. Dashed c u r v e   i n d i c a t e s  
earlier r e s u l t s .  
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